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STABLE PHARMACEUTICAL FORM OF AN ANTICANCER DRUG 



The present invention concerns a stable 
pharmaceutical form of an anticancer drug and a 
method for production of a stable pharmaceutical form 
of an anticancer drug containing exclusively, or in 
addition to other active substances, the chemical 
compound insoluble in water named paclitaxel, 
presented by the Fig. 1. 

Paclitaxel of the Fig. 1 is a known chemical 
compound isolated from the bark of the tree Taxus 
brevifolia or obtained through chemical synthesis. This 
compound is used in medicine in the treatment of 
malignant neoplasms resistant to other methods of 
therapy (Slichenmyer WJ, Von Hoff DD. New natural 
products in cancer chemotherapy. J.Clin. 
Pharmacol. 1990; 30: 770-88, Rowinnsky EK et. al. 
Taxol: a novel investigational antimicrotubule agent, 
J.Natl. Cancer Inst. 1990; 82: 1247-59, Long HJ, 
Paclitaxel (Taxol): a novel anticancer 
chemotherapeutic drug. Mayo Clin. Proc. 1994; 69: 
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Donehower RC. Paclitaxel (Taxol). N.Engl. J.Med. 1995, 
332: and other papers). 

In cancer therapy, paclitaxel is administered 
intravenously, thus it is necessary to make solutions of 
appropriate concentration in biocompatible solvent 
systems. 

Very slight solubility of paclitaxel in water makes 
impossible its direct administration in classical, 
commonly used infusion fluids. Therefore, the only 
hitherto used commercial forms of pharmaceuticals 
containing paclitaxel are the "basic" solutions of this 
substance in a mixture of a polar solvent and a surface- 
active substance, which cannot be injected to a patient 
directly, but only after prior dilution with an infusion 
fluid. 

The best-known double-solvent system used for 
making the "basic" solutions of pacitaxel is a mixture of 
polyethoxylated castor oil, known under the trade name 
of Cremophor EL, and ethyl alcohol. The characteristic 
feature of those solutions is that after being diluted with 
an infusion fluid they can precipitate. Moreover, 
chemical stability of paclitaxel in such solutions is low. 
Already after 2 months of storage at the temperature of 
25°C, 10% reduction in the active substance content 
was observed, and after 22 months the content of 
paclitaxel was only 67% of its initial quantity. The rate 
of decomposition at elevated temperatures was 
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considerably higher. Instability of paclitaxel in such 
solutions is connected with the chemicai properties of 
Cremophor EL and the presence of even a small 
quantity of water in ethyl alcohol. It is obvious that such 
a preparation has very limited applications and its 
administration to a patient involves a real risk 
consequential to the administration of too low a dose of 
the drug due to its decomposition. 

In patent no. 176826, a procedure partially 
eliminating the above-mentioned disadvantages was 
proposed. It consisted in complex commercial 
purification of Cremophor EL so as to eliminate those 
chemical properties of paclitaxel that compromised its 
stability, or in addition of an acid so as to reduce the 
solvent concentration of carboxylic anions affecting the 
substance stability, or in utilisation of anhydrous ethyl 
alcohol. The solutions obtained in that way were 
significantly more stable and they could be stored for a 
longer period of time at room temperature without an 
evident loss of activity. However, after those solutions 
are diluted with an infusion fluid there is a risk of 
precipitation, and that is why it is necessary to use an 
infusion set provided with an appropriate filter. 

However, the above procedure does not eliminaie 
a serious disadvantage of thus produced 
pharmaceutical, connected with the application of 
Cremophor EL whose presence in medicinal products 
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administered intravenously may in some cases result in 
the risk of anaphylactic shock (Rowinnsky EK, et. al. 
Taxol: a novel investigational antimicrotubule agent. J. 
Natl. Cancer Inst. 1990; 32: 1247-59). 

Furthermore, the presence of ethyl alcohol in a 
medicinal product when dosage regimens requiring 
administration of large quantities of the drug are 
applied may lead to intoxication symptoms. 

In the patent description 169372, the method was 
presented for production of paclitaxel solutions of 
higher concentrations of the active substance, which 
reduces the harmful action of Cremophor EL. The 
method also allows to eliminate nearly completely ethyl 
alcohol from the preparation, and thus to reduce 
considerably the harmful action of that second 
component of the drug. 

Unexpectedly, it turned out that the application of 
the new pharmaceutical form obtained by the method 
according to the invention solved all the above- 
mentioned problems with the stability of the paclitaxel- 
containing medicine and allowed to eliminate some 
harmful components used up to now. 

According to the present invention, the stable 
pharmaceutical form of the anticancer drug containing 
paclitaxel of the Fig. 1 is characterised in that it is a 
solid, amorphous form of the active substance, of a 
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large surface, possibly with some fine-crystalline 
additive. 

According to the invention, the method for 
production of the stable pharmaceutical form of the 
anticancer drug consists in dissolution of crystalline 
paclitaxel in a neutral organic solvent selected from the 
group comprising acetonitrile, dioxane, ethanol, or a 
mixture of those solvents, with possible addition of 
water, providing that the content of individual solvents 
in the mixture is in the range of 5% to 95%, while the 
content of water is in the range of 0 to 60%; the 
resulting solution is possibly filtered, frozen, and 
solvents are removed by sublimation under reduced 
pressure, at a low temperature, and thereafter the 
preparation is possibly distributed into doses in 
conditions assuring its sterility. 

Preferably, in the method according to the 
invention, the possibly filtered solution of paciltaxel is 
first dosed into containers, and then it is frozen, and 
solvents are removed by sublimation under reduced 
pressure, at a low temperature. 

In the method according to the invention, solvent 
removal by sublimation is preferably performed at the 
temperature ranging from -60°C to +50°C. 

The pharmaceutical form of the anticancer drug 
according to the invention is very stable chemically and 
at the same time freely soluble in various biocompatible 
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biocompatible solvents systems, which makes possible 
its administration to the patient. 

Paclitaxel isolated from Taxus brevifolia or 
obtained through chemical syntheses is a crystalline 
substance as presented in Fig. 2, whose heat of 
dissolution in ethyl alcohol is 66.6 J/g. 

Unexpectedly, it turned out that the substance 
prepared by the method according to the invention was 
a form where the amorphous structure as presented in 
Fig. 3 was prevalent and whose heat of dissolution in 
ethanol, equal to 32.4 J/g, was twice lower in 
comparison with the crystalline form. 

Because the drug is dissolved immediately before 
its administration, there are no complications 
connected with the stability of thus prepared solutions, 
while such complications are observed in the case of 
the finished formulation in the form of the "basic" 
solutions available to date. 

Furthermore, this stable form of paclitaxel does 
not limit the selection of therapeutically appropriate 
solvents. 

The drug prepared in the above manner is stable 
and it can be dissolved immediately before its 
administration in various solvent systems containing 
such components as polyoxyethylene glycols, 
polysorbates, polyoxyethylated fatty acids, ethanol, 
phospholipid fractions, lecithines, oil-in-water 
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emulsions, propylene glycol, benzyl alcohol, 
dimethylacetamide, methylacetamide, saccharide esters 
and ethers of fatty acids, ethylene oxide copolymer, 
propylene oxide copolymer, sodium glycocholate, and 
others. The obtained solutions can be administered 
directly or following their dilution with the appropriate 
infusion fluid. 

Performance of the invention is presented by the 
following examples. 

Example i. 

1500 mg of paclitaxel were dissolved in 100 ml of 1,4- 
dioxane. The resulting solution was sterilised in aseptic 
conditions by filtering through a 0.2 urn teflon filter. 
Then the solution was filled at the doses of 2 ml into 
20-ml sterile glass vials. The vials were provided with 
sterile rubber stoppers for freeze-drying. The vials were 
placed in a freeze dryer provided with a device for 
closing the vials after the end of the sublimation drying 
process. The solutions were frozen to the temperature 
of -40°C. The drying process was conducted at the 
pressure of 0.1 mbar with gradual increase of the plate 
temperature up to +30°C. After the drying process was 
terminated, the vials were closed and the vacuum was 
reduced. After the vials were taken out of the freeze 
drier, they were capped and provided with the 
corresponding labels. Each vial contained 30 mg of 
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paclitaxel. The medicine obtained in this way contains 
not more than 380 ppm of dioxane and is stable for at 
least 3 years. 



Example II. 

1500 mg of paclitaxel were dissolved in 80 ml of 1,4- 
dioxane. 20 ml of water were added. The resulting 
solution was sterilised in aseptic conditions by filtering 
through a 0.2 urn teflon filter. Then the solution was 
filled at the doses of 2 ml into 20-ml sterile glass vials. 
The vials were provided with sterile rubber stoppers for 
freeze-drying. The vials were placed in a freeze dryer 
provided with a device for closing the viais after the end 
of the sublimation drying process. The solutions were 
frozen to the temperature of -40°C. The drying process 
was conducted at the pressure of 0.1 mbar with gradual 
increase of the plate temperature up to +30°C. After the 
drying process was terminated, the vials were closed 
and the vacuum was reduced. After the vials were taken 
out of the freeze drier, they were capped and provided 
with the corresponding labels. Each vial contained 30 
mg of paclitaxel. The medicine obtained in this way 
contains not more than 380 ppm of dioxane and is 
stable for at least 3 years. 
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Example 111. 

1500 mg of paclitaxel were dissolved in 50 ml of 1,4- 
dioxane. 50 ml of water were added. The resulting 
solution was sterilised in aseptic conditions by filtering 
through a 0.2 urn teflon filter. Then the solution was 
filled at the doses of 2 ml into 20-ml sterile glass vials. 
The vials were provided with sterile rubber stoppers for 
freeze-drying. The vials were placed in a freeze dryer 
provided with a device for closing the vials after the end 
of the sublimation drying process. The solutions were 
frozen to the temperature of -40°C. The solvent 
sublimation process was conducted at the pressure of 
0.1 mbar with gradual increase of the plate temperature 
up to +30°C. After the drying process was terminated, 
the vials were closed and the vacuum was reduced. 
After the vials were taken out of the freeze drier, they 
were capped and provided with the corresponding 
labels. Each vial contained 30 mg of paclitaxel. The 
medicine obtained in this way contains not more than 
380 ppm of dioxane and is stable for at least 3 years. 

Example IV. 

30 ml of ethanoi were added to 40 ml of 1,4-dioxane. 
1500 mg of paciitaxei were dissolved in that solvent. 
30 ml of water were added. The resulting solution was 
sterilised in aseptic conditions by filtering through a 
0.2 urn teflon filter. Then the solution was filled at the 
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doses of 2 ml into 20-rni sterile glass vials. The vials 
were provided with sterile rubber stoppers for freeze- 
drying. The vials were placed in a freeze dryer provided 
with a device for closing the vials after the end of the 
sublimation drying process. The solutions were frozen 
to the temperature of -50°C. The drying process was 
conducted at the pressure of 0.1 mbar with gradual 
increase of the plate temperature up to +40°C. After the 
drying process was terminated, the vials were closed 
and the vacuum was reduced. After the vials were taken 
out of the freeze drier, they were capped and provided 
with the corresponding labels. Each vial contained 
30 mg of paclitaxel. The medicine obtained in this way 
contains not more than 380 ppm of dioxane, 0.5% of 
ethanol, and is stable for at least 3 years. 

Example V. 

In the same manner as in Example I, 1500 mg of 
paclitaxel were dissolved, respectively, in 100 ml of 
various solvents whose composition is presented in the 
table below: 





Acetonitrile 


1 ,4-dioxane 


Ethanol 


Water 


a 


5% 


90% 


0% 


5% 


b 


0% 


80%- 


10% 


10% 


c 


10% 


60% 


0% 


30% 


d 


0% 


50% 


20% 


30% 


e 


10% 


80% 


5% 


5% 
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The preparations obtained as a result of freeze-drying 
of the solvents from a to e had an amorphous form and 
were stable for 3 years. 

Example VI. 

5 ml of the sterile solvent consisting of 1980 mg of 
anhydrous ethanol and 2635 mg of polyoxyethylated 
castor oil were added to the freeze-dried substance 
obtained according to Examples I - V. Paclitaxel is 
immediately completely dissolved. The resulting 
solution is stable for at least 2 years at the temperature 
of +4°C and for at least 3 months at room temperature. 
This solution, which is a concentrate, is added to the 
appropriate infusion fluid as presented in Example VIII. 

Example VII. 

5 ml of the sterile solvent consisting of 300 mg of 
polysorbate 80, 3400 mg of pharmacopoeial 
polyoxyethylene glycol 300, and 1300 mg of anhydrous 
ethanol were added to the freeze-dried substance 
obtained according to Examples I - V. Paclitaxel was 
immediately completely dissolved. The resulting 
solution is stable at room temperature for at least 8 
hours. This solution, which is a concentrate, is added to 
the appropriate infusion fluid as presented in Example 
VIII. 
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Example VIII. 

The concentrate obtained in Examples VI and VII was 
diluted its intravenous administration to the patient so 
as to obtain the final paclitaxel concentration of 0.3 - 
1.2 mg/ml. The following were used for dilution: 0.9% 
sodium chloride solution, 5% glucose solution, and 
other infusion fluids such as the Ringer solution, the 
mixture of 5% glucose solution with 0.9% sodium 
chloride solution, the mixture of 5% glucose solution 
with the Ringer solution, 5% sorbitol solution, 6% 
dextrane solution, 10% or 20% or 30% oil-in-water 
emulsion for parenteral nutrition. Such solutions are 
stable at room temperature for at least 6 hours, which 
makes possible their safe administration to the patient. 

Example IX. 

150 mg of the freeze-dried substance obtained 
according to Examples I - V were added to 500 ml of 
30% soybean oil emulsion for intravenous infusion. The 
obtained fluid was mixed carefully until paclitaxel was 
completely dissolved. The resulting emulsion is stable 
at room temperature for at least 8 hours and it can be 
given to a patient by the intravenous route. 
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Claims 

1. The stable pharmaceutical form of an anticancer 
drug containing paclitaxel of the Fig . 1 
characterised in that it is a solid, amorphous form 
of the active substance, of a large surface, possibly 
with some fine-crystalline additive. 

2. The method for obtaining a stable pharmaceutical 
form of an anti-cancer drug characterised in that 
crystalline paclitaxel is dissolved in a neutral 
organic solvent selected from the group comprising 
acetonitrile, dioxane, ethanol, or a mixture of those 
solvents, with possible addition of water, providing 
that the content of several solvents in the mixture 
is in the range of 5% to 95%, while the content of 
water is in the range of 0 to 60%; the resulting 
solution is possibly filtered, frozen, and solvents 
are removed by sublimation under reduced 
pressure, at a low temperature, and thereafter the 
preparation is possibly distributed into doses in 
conditions assuring its sterility. 
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3. The method according to Claim 2, characterised in 
that the paclitaxel solution filtered through a 
sterilising filter is first dosed into containers in 
aseptic conditions and thereafter is frozen and 
solvents are removed by sublimation under reduced 
pressure, at a low temperature. 

4. The method according to Claim 1 or 2 characterised 
in that solvent removal by sublimation is performed 
at the temperature in the range of -60°C to +50°C. 

5. The method according to Claim 1 or 2 characterised 
in that the content of several solvents in the mixture 
is from 5% to 95% and the content of water is from 
1% to 60%. 
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